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Abstract. Com pounds  consisting of a substrate-binding site and a N i11 or M n m salen moiety 
have been synthesized. These  compounds are able to epoxidise a variety of alkenes in the presence 
of sodium hypochlorite or iodosylbenzene. The X-ray structure of the nickel(II) complex is 
reported.
The selective epoxidation of alkenes is an important goal 
in synthetic and industrial chemistry. As part  of our work 
to develop catalytic systems capable of selectively epoxi- 
dising alkene substrates, we have synthesised complex 1 
containing both a substrate-binding site and a catalytic 
centre. Earlier  work in our group has dem onstra ted  that 
molecular cleft 2 is capable of binding benzenediol deriva­
tives through hydrogen bonding with the carbonyl urea 
units and 77- 77- stacking interactions with the aromatic 
rings of the cleft walls. Binding constants as high as 6000 
M _1 have been m easured  in organic solvents1. Salen a 
ligands containing nickel(II) or manganese(III)  centres 
and their derivatives have been reported  as being able to 
efficiently epoxidise alkenes in the presence of an ap p ro ­
priate oxygen-atom donor, such as sodium hypochlorite or 
iodosylbenzene2. The  catalyst reported  here was con­
structed so that the catalytic centre  is close to the binding 
site with the intention of favouring the selective epoxida­
tion of substrates that are able to bind in the cleft. 
C om pound  1 was p repared  as shown in Scheme 1 starting 
from 2, which is synthesised in 3 steps from urea and 
diphenylglycoluril3,b. C om pound  2 was nitra ted  in the 
presence of excess 65% aqueous nitric acid in acetic 
anhydride to give the te tran itro  derivative 3 in 89% yield. 
The te tran i tra ted  com pound was subsequently reduced to 
the corresponding te traam ine  4 with tr ie thylammonium 
formate (T E A F )  in the presence of P d / C  as catalyst in 
T H F / m e t h a n o l  (2 :1 ,  v :v).  The  te traam ine  was not 
worked up and was subsequently reacted with 6 equiva­
lents of salicylaldehyde (2-hydroxybenzoic acid) to give 
the paren t  ligand 5 as a beige powder in 45% yield4. The
a salen =  /V,jV'-ethylenebis(salicylideneaminato) =  2,2'-[ 1,2-ethane 
diylbis(nitrilomethylidyne)]bis[phenolato].
b IU PA C  name: tetrahydro-3a,6a-diphenylimidazo[4,5-i/]imidazole- 
2,5(1 H ,3H  )-dione.
corresponding N i"  complex was p repared  by reacting the 
paren t  ligand with N i(O A c )2 • 4 H 20  in a M e O H /T H F  
solution at room tem pera tu re  to give a dark-red crys­
talline material in a yield of 9 5 % 4. Likewise, the Mnm 
complex was p repared  e i ther  by direct reaction with 
M n (O A c )3 or by reaction with M n (O A c )2 * 4H 20  and 
subsequent oxidation in air to the M n 111 oxidation state, 
yielding a brown microcrystalline solid in g rea ter  than 
90% yield4.
Single crystals of the Nickel(II) complex of 1 were grown 
in C H C I3 by slow addition of methanol.  The  solid-state 
s tructure was de term ined  by X-ray analysis. Crystals of la 
are triclinic, space group P-x, with a = 12.588(3), b = 
16.855(4)fc c =  18.415(4) A, a  =  73.10(2), /3 =  76.96(2), y = 
75.89(2) A. X-ray data  were collected for a tiny crystal on 
an E N R A F -n o n ius  C A D 4T / R o ta t i n g - a n o d e  diffractome­
ter at 150 K. The  curren t  R  value is 0.13 (all atoms 
isotropic). F u r the r  refinement,  ham pered  by the weak 
data  set, is in progress and full details will be published 
elsewhere. Examination of the X-ray structure of 1 (shown 
in Figure 1) reveals that there  is a twist in the cleft 
molecule so that two of the methoxy groups on the cleft 
walls are pointing into the cavity, while the o ther  two face 
outward. This twist at the base of the com pound  gives the 
complex an intrinsic chirality. A space-filling representa­
tion of the X-ray s tructure  (as drawn in Figure 2) shows 
that the carbonyl groups of the diphenylglycoluril moiety 
are blocked from hydrogen bonding and that  part  of the 
binding site in the cavity is thus obstructed. l H-NMR 
binding studies in CDC13 with the nickel(II) complex ot 1 
and 1,3-benzenediol showed that  no binding of 1,3-ben- 
zenediol occurs in the cleft. This result can be partly 
explained by the fact that the cavity is partially occluded 
and the carbonyl groups blocked, as shown in the X-ray 
s t ru c tu re5.
We have successfully used the repor ted  complexes as 
epoxidation catalysts with non-functionalised alkenes such 
as a -p inene ,  allylbenzene, styrene, and /ram-stilbene in 
the presence of sodium hypochlorite or iodosylbenzene
Recueil
Figure 2. Space-filling representation o f  X-ray structure o f  la  showing 
occlusion o f  cleft by two o f  the methoxy groups o f  the cavity walls.
(epoxidation yields 4 - 4 0 % ) 6. We did not, however, achieve 
selective epoxidation with benzenediol derivatives such as 
5-allyl-l,3-benzenediol with these catalysts due to occlu­
sion of the cleft. We are currently working on the synthe­
sis of a modified cavity which avoids the problem of 
functional groups occupying the cleft and protecting the 
binding site from interaction with substrate molecules.
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